Methylmercury (MeHg) is a well-known environmental pollutant that causes severe neurological damage, especially in the developing nervous system. When human neuroblastoma NB-1 cells were treated with MeHg at sublethal concentrations, down-regulation of two apoptosis-associated genes, mtHSP70 (GRP75/ PBP74/ mtHSP75 /HSPA9B/mortalin) and phospholipase A 2 (PLA2), was identified using the cDNA macroarray technique. These observations were further confirmed by RT-PCR and Northern blotting experiments. Northern blotting data also demonstrated that only groups III and VI B of PLA2 were downregulated, while group IIE remained unchanged. These results suggest that the mtHSP70 and PLA2 may be involved in the MeHg-mediated degeneration of neuronal cells.
INTRODUCTION
Methylmercury (MeHg) is known to provoke severe developmental neurological damage due to its disruptive effects on the mitosis of neuroblasts and neuronal migration, and induction of neuronal apoptosis. [1] [2] [3] [4] However, the molecular mechanisms underlying these effects are not fully understood. Previously, we reported that MeHg inhibits the neurite outgrowth in NB-1 cells accompanied by selective down-regulation of 440 kDa ankyrin B , a neuron-specific protein localized in axons. 5, 6) To understand the molecular mechanisms of MeHg-mediated neurotoxicity, cDNA macroarray analysis was performed using NB-1 cells. The results showed that mtHSP70 (mtHSP75/grp75/mortalin/HSPA9B) and phospholipase A 2 mRNA expression were downregulated in NB-1 cells treated with MeHg. These observations were further confirmed by RT-PCR and Northern blotting experiments.
MATERIALS AND METHODS
Materials ---Methylmercury chloride was from Tokyo Kasei (Tokyo, Japan) and [α-32 P]dCTP was purchased from Amersham (Amersham, U.K). The human neurobiology cDNA array membranes and PCR primers were from Clontech (MD, U.S.A.). All other tissue culture media, sera, and supplements were from Gibco BRL (CA, U.S.A.). Cell Culture ---Human neuroblastoma NB-1 cells were cultured in 45% RPMI and 45% Eagle's minimum essential medium containing 10% fetal bovine serum and an antibiotic mix. Cells were subcultured once a week at a split ratio of 1 : 6.
5)
cDNA Macroarray ---Total RNA was prepared with Trizol reagent (Gibco BRL) as described in the user's manual. Macroarray analysis was performed as described previously. 7) Briefly, [α-32 P]dCTP-labeled ds-cDNA used to hybridize with a salmon sperm prehybridized neurobiology membrane (Atlas™ human neurobiology, Clontech) using the standard protocol. After washing, the image was analyzed with BAS2000 (Fuji Film, Tokyo, Japan) and relative radioactivity was calculated using Array Gauge software (Fuji Film).
RT-PCR and Northern
Blotting ---Total RNA was prepared from NB-1 cells using Trizol reagent (Gibco BRL) according to the manufacturer's instructions. PolyA + RNA was concentrated with biotin-labeled magnetic beads (Roche Diagonostics, Basel, Switzerland). Poly A + RNA was reverse-transcribed with oligo dT primer and Superscript II reverse transcriptase (Gibco BRL). One-fifth of the reverse-transcribed product was used as a PCR template with various sets of PCR primers for each target gene prepared according to the manufacturer's instructions (Clontech). A single discrete band was obtained for each set of primers. The bands from PCR products were further gel-purified and used as a probe for Northern blotting.
Total RNA from NB-1 cells was separated by electrophoresis in a 1% agarose gel containing 6.7% formaldehyde. RNA was transferred to a nylon membrane filter (Hybond-N + , Amersham) with 10 × SSPE as the transfer solution as described previously.
8) The membrane was prehybridized at 68°C for 2-3 hr in Express Hybridization Solution (Clontech) containing 200 mg/ml of denatured salmon sperm DNA. Gel-purified cDNA fragments from PCR products were labeled with [α-32 P]dCTP and the random primer DNA labeling kit (Takara, Kyoto, Japan). The radioactive probe was added to the prehybridization solution and incubated for 12-16 hr at 68°C. The membrane was washed with 2 × SSPE/0.1% SDS and then with 0.1 × SSPE/0.1% SDS at 50°C. The radioactivity on the membrane was detected and quantified with BAS 2000.
RESULTS AND DISCUSSIONS
To examine the effects of MeHg on the gene expression pattern in cultured neuronal cells, cDNA macroarray analysis was performed using human neuroblastoma NB-1 cells. As shown in Fig. 1 , the mRNA of many genes was down-regulated by treatment with MeHg at 1 µM. To confirm these observations, RT-PCR and Northern blotting analyses were performed. Only 4 of 12 genes selected from the macroarray experiment showed similar patterns in the RT-PCR and Northern blotting analyses. The RT-PCR results shown in Fig. 2 demonstrate that among the three housekeeping genes only 40S ribosomal protein (40S) (lanes 1 and 2, upper bands) remained unchanged, while phospholipase A 2 (PLA2) (lanes 3 and 4, upper bands) was down-regu- P]dCTP-labeled double-stranded cDNA. After washing, the radioactivity was detected using BAS2000 image analyzer (Fuji Film).
Fig. 2. RT-PCR Analyses of Selected Genes Expressed in NB-1 Cells
Poly A + RNA (1 µg) from control (lanes 1, 3 and 5) and MeHgtreated NB-1 cells (lanes 2, 4, and 6) were used for reverse-transcription reaction and one-fifth of the reverse-transcribed products were used for PCR reaction. In some PCR reactions, two sets of PCR primers were used at the same time and under the same conditions. Lanes 1 and 2, 40S ribosomal protein (upper bands) and glyceraldehyde-phosphate dehydrogenase (lower bands). Lanes 3 and 4, PLA2 (upper bands) and mtHSP70 (lower bands). Lanes 5 and 6, tyrosine hydroxylase. lated and glyceraldehyde-phosphate dehydrogenase (GAPDH) (lanes 1 and 2, lower bands) was increased by the MeHg treatment. Altered expression of two other genes occured, i.e., down-regulation of mitochondrial HSP70 (mtHSP70) (lanes 3 and 4, lower bands) and up-regulation of tyrosine hydroxylase (TYH) (lanes 5 and 6). These RT-PCR results were further confirmed by the Northern blotting experiments (Fig. 3) .
A large number of PLA2 have been identified within the central nervous system of rodents and humans.
9) Verity et al. 10) reported that MeHg stimulated PLA2 in cerebellar granule neuron cultures. It has been shown that cPLA2-deficient mice are resistant to neuronal injury compared with their wildtype littermate controls.
11) Therefore the decrease in PLA2 mRNA observed in our study raises the possibility that PLA2 could be involved in a defensive mechanism against MeHg-mediated cytotoxicity. 12) It is noteworthy that only two groups of PLA2, group III and group VIB, were down-regulated, while group IIE was not (Fig. 3A) . Grouping of PLA2 mRNA was done based on the mRNA size from the gel. 9) On the other hand, the decrease in mtHSP70 mRNA by MeHg treatment may explain the role of mtHSP70 in MeHg-mediated apoptosis. It has been shown that in the human breast adenocarcinoma cell line MCF-7 the elevated level of PBP74/mtHSP70 is associated with the resistance to ionizing radiation. 13) In addition, elevated levels of mortalin expression in human brain tumors have been reported. 14) In addition, the up-regulation of TYH observed in our study was also consistent with the report of Rossi et al., 15) who found that the increased levels of TYH by MeHg treatment are associated with altered locomotive activity in rats.
In the present study, three possible genes, PLA2, mtHSP70, and TYH, were identified and confirmed to be associated with the MeHg-mediated degeneration of neuronal cells. Further studies are needed to understand how each of these genes is involved in the process.
